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Moore’s'law'– saturation?
Or'something'new'happens?



Moore’s'law'– saturaion?

From%J.%Messina,%31%July,%2016%(ECP%director,%ANL)



The big challenge for scientific computing is to develop 
algorithms and computational frameworks that use the 
parallel hardware efficiently.

There are two approaches:
• Develop a universal framework which is potentially is 

fully scalable;
• Invent an algorithm which is efficient for the particular 

set of problems. 



There are two approaches:
• Develop a universal framework which is potentially is 

fully scalable;
For example, Parallel Discrete Event Simulation
(talk by Lilia Ziganurova on Friday)
• Invent an algorithm which is efficient for the particular 

set of problems
For example, Population Annealing
(this talk). 



1. The&population&annealing&algorithm&is&designed&for&study&systems&with&
rough&free7energy&landscapes&(spin&glasses,&optimization&problems…).&

2. Combines&the&power&of&the&known&efficient&algorithms&7 simulated&
annealing,&Boltzmann&weighted&differential&reproduction,&and&sequential&
Monte&Carlo&process.

3. Bring&the&population&of&replicas&to&the&equilibrium&even&in&the&low7
temperature&region.&

4. Provides&a&very&good&estimate&of&the&free&energy.&
5. PopAnn is&performed&over&a&large&number&of&replicas&with&many&spin&

updates,&and&it&is&a&good&candidate&for&massive&parallelism.&
6. Efficient&parallel&implementation&– many&replicas.
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Random'Number'Generation'
at'“large'scale”

PRAND: GPU accelerated parallel random number generation library:
Using most reliable algorithms and applying parallelism of modern
GPUs and CPUs
(L. Barash, LS,  CPC 2014)

Highlights of PRAND - SSE-accelerated, GPU-accelerated, C, Fortran and 
CUDA,  parallel streams 



MC#integral
- MC integral 
- Example with 3000 GPGPU (Lomonosov)



PRAND:'GM'generators'(on'torus)

Kandisky, Malevich, Barash-Shchur



Technical problems to solve:

• Load balancing of all GPU nodes with an approximate 
same number of replicas;

• Minimize large memory exchange between nodes;
• …



Conclusion)

- Population annealing approach is the promising
tool for the number of problems:

• "complex" ground state 
• the rough energy landscape
• optimization problems
- Population annealing algorithm is the natural 
candidate for large-scale and fully scalable simulations 
with the heterogeneous parallelism.



http://csp2018.ac.ru/


